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(54) Tire with sidewall carcass reinforcement 

(57) A tire (1) having at least one crescent-shaped 
rubber composition as an insert (12) in its sidewall 
region (4) which is comprised of at least one diene- 
based elastomer, carbon black and, optionally, silica 
and at least one of dithiodipropionic acid, benzoic acid 
and salicylic acid. 
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5 r a ;v^;r nti ^ 

Background 

10 &5=^S£2Sp^ tires — are d — to ba « — - 

ShX^ 

A- 5 368 082). Also, tires have beOT su^geS^ wWch have a^itioraNiliect"' 6 '^'^ ' ' 3re ^ ure ' ^ see> *° r example, US- 
« their sidewalls, to enhance, or substantially nSn^n the SJJSSSS T 38 t,r6S haVi " 9 9 t0ta ' ° f mree p,ies in 
(see. for example. US-A-5 427 1 66 and 5 SlTsSj performa,1ce w ^n running without internal air pressure. 

SlaK^ 

skill in such art. ^ ba8ed ««*»«»n. Such term is well known to those having 

. ^sssr-^r" are '"^ ^ssss s seM " mat are blended to ,orm 

is used. It is understood that use of a wZton inZ^ ™h u ^I*™" ,nstrument fr °™ * a Tmass company 
understood by one having skill in the art ^e E° and Ta n d!^ T ° f measuremer1t * * and Tan.De.ta is 

[0008] The term "runflat" tire where used^lLT^ 1 ™ Delta 4i va ' ue8 are to ba determined at 60-C. 
- a-e.urxJerambiemcondHloiT.S 
Summary and Pr a ^ Q of tne | nwnt ; nn 

■ SSJrSEUL": E^aSSS^ * 3 ^'-naped carcass and an outer, 

feasible bead portions, two spaced h^saaSlS'l^ y ' S °' ^ spaced a P art inax ' 

tread to said bead potions, and atlist fJnSlJT^ ! I^'" 9 radia " y inward from and <=°™ a «ing said 

an improvement in which a ZhSEiJSS; KSES !° baad ^ through the sidSalte; 

least one of said carcass plies in each iS^S^^S. T"* j»« a P° s > bon «> *> a "d axially inward of at 
Shore A harness at 100'C in a range of TtST^JZ^ZT- ** com P° siti °" * said insert has a 
at 1 00«C in a range of 60 to 80. an E'vate in a SSSt" 'T 8 ? ^ " «° 1 0 M Pa. a Hot Rebound 
of 0.03 to 0.15; and wherein said rubber common of ^in« r ? ? 3 TanDelta value at ^ in a W 

ber. (A) at least one diene-based eSmTr^SOto XSXEJV? 0 T? nud * baS6d 0n 100 P arts *» wei 9"t rub- 
ally, silica, and (C) 0.5 to 10 phr £Sm'<2*£2£^ Particulate reinforcement as carton black and option- 
[0010] Preferably, the materia ?C) J a Smk£^ ? ^'T C ^ be " ZOic acid and a <*d. 
meric form. (C) ' S 3,3 drthlod 'P r °P'°"'c aod. although it is understood that it may exist in a 2.2" iso- 

[0011] It is to be appreciated that the insert is su.fur co-cured with the tire assembiy of said tread and carcass as a 

Sadint^^ 
EngTsl^^^^ 

carbon black and/or silica prj Siated fl^E^EE^" ^ th * rUbber «""P«Won as a composite of 
or melt dispersion methods ForSES? af .S?„™ 7 ^ ^ SUCh a * *° r 6Xample ' b * organic solvent deposition 
as. for examp,e. a^^J^Z^^^J!^.^' a ^ abso ^> «W or melted, such 
[0014] By blending one or more of sJ^ZLe^vZ^ ^" •?"* and/ ° r SiHca fi,,er - 

ber composition, it is meant that it is ^S^aS^ZS^S^ T W ' th ' n9redien,s °» the rub " 
[0015] BVP-endingone^eo,^^^^^ 
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cartoon black and/or silica it is meant that it is pre mixed with the cartoon black and/or silica prior to form a composite 
thereof and such composite is added to and mixed with ingredients for the rubber composition as an individual ingredi- 
ent. 

[0016] By mixing with ingredients for the rubber composition, it is meant that one or more of the said acids, or said 
5 composite, as the case may be, is blended with the elastomer(s) as well as conventional compounding ingredients used 
for the rubber composition for the insert, conventionally in an internal rubber mixer. It is preferred the said acid, prefer- 
ably the dithiodipropionic acid, or said composite, as the case may be, is mixed with the compounding ingredients in the 
absence of curatives such as sulfur and vulcanization accelerators, and that such curatives are subsequently blended 
with the rubber composition after said acid or composite addition. 
10 [0017] Alternatively, although not generally preferred, a portion of or all of the acid, or composite, may be added to 
the rubber composition with the curatives. 

[0018] The dithiodipropionic acid may typically be characterized by having a melting point in the range of 153 to 
159°C. Such melting point can conveniently be determined by a differential scanning calorimeter (DSC) at a heating 
rate of 10°C per minute. 

15 [0019] It is considered herein that the utilization of the said acids, particularly the 3,3'-dithiodipropionic acid, for the 
rubber filler composition is significant in order to enhance the stiffness of the sulfur vulcanized rubber composition of 
the insert as well as to endeavor to substantially maintain a relatively low hysteresis. 

[0020] In the practice of this invention, a significant function of the rubber composition based fillers in the sidewall por- 
tion of the tire is to stiffen/support the sidewall structure when the tire is operated without inflation pressure. 
20 [0021 ] The rubber composition based inserts are elastomeric in nature having a substantially crescent cross-sectional 
shape and material properties selected to enhance inflated ride performance while promoting the tire's run-flat durabil- 
ity. The inserts, if desired, may also be individually reinforced with cords or short fibers. Thus, one or more of such 
inserts may be so-reinforced. 

[0022] The shape of the fillers is described as being substantially crescent in shape. This is intended to also include 
25 an entrunkated crescent shape, particularly where the entrunkated portion of the crescent shaped filler is juxtaposi- 
tioned to the tire's bead portion. 

[0023] In further practice of the invention, said tire carcass may have from one to three plies comprised of a first axially 
inner ply and optionally one or two additional plies as a second ply and third ply, respectively, each additional ply posi- 
tioned sequentially axially outward from said first ply in the sidewall region of the tire. 
30 [0024] Accordingly, in accordance with this invention said tire contains one ply in its carcass wherein said insert is 
juxtaposition ed to and axially inward of said ply in the sidewall region of the tire. 

[0025] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply and a second 
ply axially outward from the first ply; wherein said insert is juxtapositioned to and axially inward of said first ply, in the 
sidewall region of the tire. 

35 [0026] In additional accordance with this invention, said tire contains, in its carcass, an axially inner first ply and an 
axially outer second ply; wherein said insert is juxtapositioned to and interposed between said first and second ply, in 
the sidewall region of the tire. 

[0027] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply and an axially 
outer second ply; wherein one of said inserts is juxtapositioned to and interposed between said first and second ply, in 
40 the sidewall region of the tire, and another of said inserts is juxtapositioned to and axially inward of said first ply, in the 
sidewall region of the tire. 

[0028] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply, a second ply 
axially outward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxtaposi- 
tioned to and axially inward of said first ply, in the sidewall region of the tire. 
45 [0029] In additional accordance with this invention, said tire contains, in its carcass, an axially inner first ply, a second 
ply axially outward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxta- 
positioned to and interposed between (a) said first and second plies and/or (b) said second and third plies, in the side- 
wall region of the tire. 

[0030] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply, a second ply 
so axially outward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxtaposi- 
tioned to and interposed between (a) said first and second plies and/or (b) said second and third plies, in the sidewall 
region of the tire and, also, an insert juxtapositioned to and axially inward of the innermost of said plies. 
[0031] In one embodiment, the innermost ply, or plies, has synthetic or textile cord reinforcement of polyester, nylon, 
rayon or aramid, preferably nylon; while the outermost ply preferably has aramid, carbon fiber, fiberglass or metal cord 
55 reinforcement, preferably brass and/or zinc coated steel cords. 

[0032] Thus, in a preferred embodiment, the first ply has reinforcing cords of nylon, an aramid fiber, and the second 
and additional plies are steel cords. 

[0033] The term "ply" is contemplated to include cord reinforced inserts which do not extend entirely from one bead 
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of the reinforcing belts of the belt sirucKe bead core to laterally under one or more 

• KUX^of^ 

tt^SE^J^X!^* ,r ° m ^ C ° re t0 bead ^ « wraps around ft. 

10 Brief Description of fcfi Qrasfldpgs 
[0036] 

as an embodiment of the invention * 6 ,nnermost P |v in «r>e sidewall region of the tire 

- E ineV-irr^^^ itS «~ - «• -cass with three plies, inserts 

embodiment of the invention * * 4,16 ' nnerm0St p,y in ,he sidewa " «*n of the tire as an 

Definitions 

" S ^"S^ - Para " e ' * *• - «*" of ^ «re. 

as a multiplicity of annular wiriSu de^n SSS SSSSS."^ ine * enS,ble ^ Such 
the rim being wrapped by ply corts and shapec hi or wS,^ EE ( 2.' ' S associated witn "doing the tire to 
pers, apexes or fillers, toe guards ar^VhafS T*"*™* elemerrts such as «PP™. chip- 

sometimes may refer to the bead ££S * ,0 *° W ' re beads of ,he bead ** 

Snor^^ 

range from ,7- to 27- with respect to ESSRK S5S ° b ° ,h ^ ^ 00rt an9 ' eS h 1,16 

P^eter'SStSZl?^ * *"*on ending a,ong (around, the outer 

nnlf .b meansala y er 01 rubber-coated parallel cords. 
Detailed D^cri^r, 

SZZS^ ISiST of a tire (1), its tread ( 2 , 

s rubber composLn fcSJLT^TJSS SllSSKS? TP' n * b * Chafer (6) ' rubber toe ^ S 
turn-up (1 1). insert (12) and ^ (1 J (9) """flying a port,on of the tread (2), carcass ply (10). carcass ply 

SloMotaT;!^ 


30 


35 


4 



10 


20 


25 


35 


40 


EP 0 943 466 A2 

[0 0521 The cords, particularly metallic cords, of the carcass ply are generally oriented such that the tire according to 

The firs, and second reinforcing ply structure each may comprise a sing.e p.y .ayer. however, any number of 

carcass plies may be used. ct r,irture has a Dair of turn-up ends respectively which wrap 

[00551 As further illustrated in the Figures theftrst f^^~^ S e sec ond ply 10 are in proximity to the 

about each bead core 5 of the bead port.on 3 of the ^.^J 5 X^^ core 5 or can be wrapped 

bead core 5 and terminate radially adjacent on erther side of the bead core 5 i ^ove the Deac . co 

aroun^the bead core 5 and terminates radially below the turn-up end 11 ^ret ply ^0 as MiM 

11 of the first ply 10wrap about the second ply ^.^^^ * ^^S^^^^ms^ 

radiallyadistance above me nomina^ 

width of the tire. In a preferred ernbod'me^the^ radjal Mon of ^ maximum 

from the radial location of the maximum section width, most preteraray lermmau y 

section width. . irto4 n . a cinale or monofilament steel wire continuously wrapped. 

[0056] The bead core 5 is preferably constructed of a s ngle ^ no J^ e ™^ sjdewal , Dortions 4 are high modulus 
0057^ Located wrthin the bead region 3 and the respectively. The 

elastomericapex inserts dispose. .between ^^^^V^^^Jy^^^por- 
elastomeric apex inserts 13 extend from the radially o ute P^n o, bead portons & ^ ^ 

tion gradually decreasing in cross-sect.onal MM ? *e Sge of the tread, usually to just beneath the 
[0058] The inserts 12 may extend ^Sns may each include afirst insert 12 and a 

structure 9. #w,4«*«ee at itc maximum thickness of at least three per- 

half percent (1 .5%) of the maximum section height of the tire at *etocatt °" ™* >. h have thickne ss of 

of the tire. In a preferred embodiment the elastomenc second .nsert^ and th.* -er - ^^a ^ 
approximate^ 

SSSrtRS^TSS radially aligned w*h the location of the max,mum 

[0061] The overall cross-sectional *'^^" h °£ h ^^^ thickness. The overall sidewall 

tions to the radial location of the max.mum serf on ^.^^.Smum s«Sn width location and increases to an 
and carcass thickness is at least 0.45 inches (1 1.5 ^™ m e edges. Preferably, the overall 
overall thickness in the region where rt merges ^.nto the shot. d * n ear Jj™^ ^ of the over al. sidewall 

the predecessor type runf lat tires. . n h „ at , east ^ D j y having a turn-up end 1 1 (wrapped 

sldowal. from coWsing «P«a»g < * C 1* cross-section.! pr=l» k mo** 
!— ^"T,?. co^ 12 with a cotto. secood and/of 
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used in the carcass structure. 

^!!L JTL 6600 ^ l" 861 ? 12 - and *hird inserts 12. when used, when unenforced with fibers, act as a spacer 

52 of the plies particu,ar ' y the radially outer p,y is p,aced in tension when the ^ ire ^ s 

S, rt !l P l a r f Ce, / he K r , Ubb ! r compositions for the inser * 12 utilized in this invention for the aforesaid pneumatic tire 
Z rSSXS ? t har T e " Zed by PhySiCa ' Pr ° PertieS enhance ,heir in the invention which 

stiffness yet essentially low hysteresis properties. 

EL iTJi!^ f ° r P , U r? e ? 01 WB inVenti0n> 0,6 aforesaid inserts 12 are desi 9"«l to have a high degree of 

S^rj^^T 9 3 L e,aWe,y hySteresis for Such a desree of sliffness - ™ s ^led the benefits of the 
change in moduli of the reinforcing cords to be fully appreciated 

EewII 4 SfiffneSS °' fUbber COmposition for inserts 12 is ^able for stiffness and dimensional stability of the 
Klo^. S ^I a L Stif I n < f S « 0f 1,16 fUbber """P 08 * 0 " for ,he P'y «* for one or more of plies is desirable for overall 

!rzsr carcass> inciudin9 its sidew ^ is ' since " ^ thr ° u9h w — *• 

S«h t™!^' iS t0 be . appreciat f d **« rubbers a high degree of stiffness in pneumatic tires normally be 

£fn fl ^ h ^ 7 at,0n pressure >- Particularly when the rubber's stiffness is achieved by a rather conven- 

™dmethodof simply mcreasmg its carbon Wack content. Sucfi imernal heat generation within the rubber composition 

» I0 °!^- ^ restores* of th e rubber composHion is a measure of its tendency to generate internal heat under service 
«™£ 2 JET an , 0tharw ' Se "'"Parable rubber composition with a substantially higher hysteresis. THus, in one 
ofCife^ 

so h H I?l ereSiS If 8 t6 Lu fof h6at 6ner9y 6Xpended in a material < e -9- : cured rubber composition) by applied work 

^ues COmP ° Si,i0n " indiCat&d by 8 re,atiVe,y Hi9h r6b ° Und and r6,a,ive,v 5« de «a 
[0074] Accordingly, it is important that the rubber compositions for one or more of the inserts 12 and plycoats for one 
or more of pl.es 10 have the properties of both relatively high stiffness and low hysteresis 

35 the foLS'rSleT 9 Sel&C,ed dSSirable Pr0Perti6S ° f th6 rUbbef com P° siti0 ' 1s for the inserts 12 are summarized in 
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Properties 

Filler 

Hardness 100°C (Shore A) 1 

65-85 

Modulus (100%) MPa 2 

3.5-10 

Hot Rebound (100°C) 3 

60-80 

E' at 60°C (MPa)4 

2-20 

Tan. Delta 60°C 4 

0.03-0.15 


1 . Shore Hardness Test-ASTM Tesl No. 
D2240. 

2. Tension Modulus Test-ASTM Test No. 
D412. 

3. Zwick Rebound Test-DIN 53512. 

4. Rheovibron at 1 1 Hz, one tenth percent 
strain. 

[0076] Alternatively, where two or more inserts are used, the first insert may have properties the same as or different 
from the second or third inserts, if used, within the above stated ranges *es me same as or different 

[0077] For example, the innermost insert may have a Shore A hardness in a range of 65 to 75. a 1 00 percent modulus 
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in a range of 3.5 to 8 MPa, and E' in a range of 2 to 15 MPa at 60°C and a Tan.Delta at 60°C in a range of 0.03 to 0.1 
and said outward insert(s) may have a Shore A hardness in a range of 70 to 85. a 100 percent modulus in a range of 5 
to 1 0 MPa, and E' in a range of 5 to 20 MPa at 60°C and a Tan Delta at 60°C in a range of 0.05 to 0.15. 
[0078] The indicated hardness property is considered to be an expanded range of moderate rubber hardness permit- 

5 ted by the use of the unique ply cord structure. 

[0079] The indicated modulus property at 100% modulus is utilized instead of a 300% modulus because the cured 
rubber has a relatively low ultimate elongation at its breaking point. Such a cured rubber is considered stiff. 
[0080] The indicated E* property is a coefficient of the storage or elastic moduli component of the viscoelastic property 
which is an indication of the material (e.g.: cured rubber composition) stiffness where a higher E' value indicates a 

io higher stiffness. 

[0081] The indicated Tan. Delta property is a measure of the rubber composition's heat build up which is an indica- 
tion of the hysteretic nature of the material (e.g.: cured rubber composition) with a relatively low Tan Delta value at 
100°C being indicative of a relatively low hysteresis and a relatively low heat build up quality. 

[0082] The utilization of both the E' and Tan. Delta properties to characterize stiffness and hysteresis of rubber com- 
15 positions is well known to those having skill in such characterizations of rubber. 

[0083] The indicated hot rebound test property at 100°C is measured by Zwick Rebound Test (DIN 53512) test and 
is indicative of the material's (e.g.: cured rubber composition) resilience. 

[0084] Thus, the properties illustrated in the previous Table A indicate a cured rubber composition with a relatively 
high stiffness, moderate hardness and a relatively low hysteresis for a rubber with such a high stiffness. 

20 [0085] The low hysteresis is demonstrated by the relatively low Tan. Delta , and high rebound properties and is con- 
sidered necessary for a rubber composition desired to have a relatively low internal heat buildup in service. 
[0086] In the compounding of the various tire components, various rubbers may be used which are. preferably, rela- 
tively high unsaturation diene-based rubbers. Representative examples of such rubbers are. although they may not be 
so limited, are: styrene-butadiene rubber, natural rubber, cis 1,4 and trans 1 ,4-polyisoprene rubbers, cis 1.4, vinyl 1,2- 

25 and trans 1 ,4-polybutadiene rubbers, styrene-isoprene-butadiene rubber, styrene-isoprene rubber and isoprene-buta- 
diene rubber. 

[0087] Various of the preferred rubbers for the rubber compositions for the fillers and for the plycoat(s) for one or more 
of the plies are natural cis 1 ,4-polyisoprene rubber, isoprene/butadiene rubber, and cis 1 ,4-polybutadiene rubber. 
[0088] Preferred combinations, or blends, of rubbers are natural and synthetic cis 1 ,4-polyisoprene rubber and cis 
30 1 ,4- polybutadiene rubber for the fillers and natural cis 1 ,4-polyisoprene rubber, cis 1 ,4-polybutadiene rubber and iso- 
prene/butadiene copolymer rubber for the plycoat(s). 

[0089] In a preferred practice, based on 1 00 parts by weight rubber, (A) the fillers are comprised of 60 to 1 00. prefer- 
ably 60 to 90, parts natural rubber and. correspondingly, up to 40, preferably 40 to 10, parts of at least one of cis 1,4 
polybutadiene rubber and isoprene/butadiene rubber preferably cis 1 ,4-polybutadiene rubber, where said iso- 

35 prene/butadiene rubber, if used, is present in a maximum of 20 parts, and (B) the said plycoat(s) are comprised of up 
to 100, preferably 80 to 100 and more preferably 80 to 95, parts natural rubber and. correspondingly, up to 100. prefer- 
ably up to 20 and more preferably 20 to 5. parts of at least one of isoprene/butadiene copolymer rubber and cis 1 ,4 
polybutadiene rubber, preferably an isoprene/butadiene rubber; wherein the ratio of isoprene to butadiene in said iso- 
prene/butadiene copolymer rubber is in a range of 20/80 to 80/20. 

40 [0090] It is further contemplated, and is considered to be within the intent and scope of this invention that a small 
amount, such as 5 to 15 parts, of one or more organic solution polymerization prepared rubbers may be included with 
the aforesaid natural rubber, and cis 1 ,4-polybutadiene rubber and/or isoprene/butadiene rubber composition(s) for the 
said fillers and/or plycoat(s), of which the option and selection of such additional rubber(s) can be made by one having 
skill in the rubber compounding art without undue experimentation. 

45 [0091] Thus, in such circumstance, the description of the filler and plycoat rubbers is set forth in a "comprising'' man- 
ner with the intent that small amounts of such solution polymerization prepared elastomers can be added so long as 
the aforesaid physical property parameters of the cured rubber compositions are met. It is considered that such rubber 
compounding is within the skill of those with experience in the rubber compounding art without undue experimentation. 
[0092] While not necessarily limited thereto, such other contemplated solution prepared rubbers are styrene/butadi- 

so ene, and polymers of one or more of isoprene and butadiene such as trans 1 ,4-polyisoprene, trans 1 ,4-polybutadiene. 
styrene/isoprene/butadiene terpolymers and medium vinyl polybutadiene. 

[0093] It should readily be understood by one having skill in the art that rubber compositions for components of the 
pneumatic tire, including the first and second fillers can be compounded by methods generally known in the rubber 
compounding art, such as mixing the various sulf ur-vulcanizable constituent rubbers with various commonly used addi- 
55 tive materials such as, for example, curing aids, such as sulfur, activators, retarders and accelerators, processing addi- 
tives, such as rubber processing oils, resins including tackifying resins, silicas, and plasticizers, fillers, pigments, stearic 
acid or other materials such as tall oil resins, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and 
reinforcing materials such as, for example, carbon black. As known to those skilled in the art, depending on the intended 
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25 


30 


SU^^ * - — — • — above are 

' coat(s) used in n. inventn 2 of nLins ^fiZ^F*" *" *Z M " l-d ,i,,erc and p *' 

including unreactive phenol formaUenyde tSifvinn « ine ^2" 7 «? * reSI " S and sWness resins - if used - 
resins and resorcinol or resoSSSSKiSST 8 w ' a ' S ° sWfener res,ns of reactive P hen °' formaldehyde 
tackifier resin, if used ^ZTZ^T^^l ™ nemay «^Vely comprise 1 to 10ph, with a minimum 

referred to as pheno.formSJeCeC" iSSZ^XT^ 3 f 8u * "** ™ y SOmetimes be 
»« amounts of silica, if used, comprise sTsI ^SoSfiTS SlJ i^T*,"* COmpri8e 4 ,0 100 phr " ^ 
used, comprise 0.05 to 0 25 owtToer ^SSS h If o S ' rab ' e and am0unts * silica "f"* agent, if 
amorphous. A SESKSE A "7 * ^ 

»5 Representafive antioxidant may of for «^J£ h nf T ' ^ J" 3 "*' am ° UntS 0f an,ioxi °ants comprise 1 to 5 phr. 

by use of either accelerator alone In aSton detev^T^ ? f* 0fte " somewnat "etter than those produced 

mal processing tempered* P^cTsa^^^^^^ ™L*° T* f* ^ * "~ 

examples of accelerators include amineTdfau»M«f Z » w .u Y vu,canizat,on temperatures. Representative 

carbamates and xant^ Pn^^ "«!•* Su,,e " amides - **■ 

secondary accelerator is oreferablv /nlnWnT^ \? sulfenam.de. If a second accelerator is used, the 

mide accelerator rr^ b S Xe Sl?^ 8 " alth ° U9h a Second sulfana - 

ferred for the high stiffness rubbers ' 6 and sometimes *"» ° r ™re accelerators are pre- 

SSS skJln £ £ be *"* ShaPed> m ° Wed ^ Cured * * *** - be readily apparent to those 


45 EXAMPLE I 
[0098] 
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sTLoSS^ are Prepared by pre-.ea ti ng the fillers with 

tone (20 mug) under rSux ^ZZT'^S'It^ M ' m ** "HWodlpnvtonic acid in ace- 

partolatefil.e^ and "** ^ 3 S,irred sus P ension °< *• 

ment which utilizes a combination of hral trd Tfn rf™ 1 Y rem ° V ' n9 the acetone via a Rot °- vac instr "' 

flask The following T^Z^z^o^^^T "*™* " h " e '"^ *° mixture in a 
parts of filler. summarizes the pre-treated filler showing the amounts of dithiodipropionic acid per 100 

S JZSXEZSS^ ™ «* ™rs X and V are silica pre- 
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Table 1 


Pre-Treated Fillers 


Parts by Weight 

Material 

Filler M 

Filler N 

Filler X 

Filler Y 

Carbon Black 1 

100 

100 

0 

0 

Silica 2 

0 

0 

100 

100 

DTDP 3 

4 

8 

4 

8 


1 . N299 carbon black. 

2. HiSil-210 from PPG Industries, Inc. 
3. 3.3'-dithiodipropionic acid. 


EXAMPLE H 

[0100] Rubber compositions were prepared using the pre-treated fillers of Example I, namely the carbon black and 
silica reinforcing fillers which had been pre-treated with dithiodipropionic acid. Formulations for the rubber compositions 
are shown in Table 2. 

[0101] The Control rubber composition Sample A contained both carbon black and silica reinforcing fillers which had 
not been pre-treated with dithiodipropionic acid. 

[0102] Sample B is identical to the control with the exception of the in-situ addition of 2 phr dithiodipropionic acid dur- 
ing the Banbury mixing step. In other words, for Sample B while 3,3'-dithiodipropionic acid is used, the carbon black and 
silica were not pre-treated with such material. 

[0103] Samples C, D and E contain dithiodipropionic acid pre-treated carbon black and/or silica Samples M, N, X and 
Y of Example 1 . 

[0104] Thus, rubber compositions B, C, D and E contain 2 phr dithiodipropionic which was added (1) individually dur- 
ing the rubber composition mixing step (Sample B) or (2) as pre-treated filler during the rubber composition mixing step 
(Samples C, D and E). 

[0105] Samples A-E all contain silica coupling agent added during the non-productive stage of mixing. 
[0106] Rubber compositions represented by samples F and G compare the in-situ addition of the dithiodipropionic 
acid (Sample F) with the addition of pre-treated carbon black and pre-treated silica (Sample G), all in the absence of 
coupling agent. 

[0107] For this Example, the rubber compositions were prepared by first blending the rubber and ingredients, except 
for the sulfur curatives and accelerators in a non-productive mixing stage in an internal rubber mixer to a temperature 
of 160°C for 4 minutes. 

[0108] To the rubber composition was then mixed the sulfur and accelerators in a final productive mix stage in an inter- 
nal rubber mixer to a temperature of 105°C for 2 minutes. 

[01 09] The terms "non-productive" and "final productive" mixing stages are well known to those having skill in the rub- 
ber mixing art. 
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Table 2 


5 


Silica and CB Filler Compounds 


Sample # 

Pre- 
treated/in- 

situ 

a ironiroi 

B In -situ 

C Pretreated 
Silica 

D Pretreated 
CB 

E Pretreated 
Silica/CB 

F In-situ 

G Pretreated 

Silica/PR 

10 

Non- Produc- 
tive 









Polyisoprene 1 

100 

100 

100 

100 

100 

100 

100 

15 

Carbon 
Black 2 

25 

25 

25 

0 

0 

25 

0 


Silica 3 

25 

25 

0 

25 

0 

25 

0 


Oil 4 

5 

5 

5 

5 

5 

5 

5 

20 

Zinc Oxide 

5 

5 

5 

5 

5 

5 

5 


2 

2 

2 

2 

2 

2 

2 


Coupler* 

5 

5 

5 

5 

5 

0 

0 


Filler M (CB\ 

0 

0 

0 

0 

26 

0 

26 

25 

Filler N (CB) 

0 

0 

0 

27 

0 

0 

0 


Filler X (Sil- 
ica) 

0 

0 

0 

0 

26 

0 

26 

30 

Filler Y (Sil- 
ica) 

0 

0 

27 

0 

0 

0 

0 


DTDP 

0 

2 

0 

0 

0 

2 

0 


Productive 








35 

Accelerators 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 


Sulfur 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 


Conventional amounts of rubber processing oil (five parts), stearic acid (two parts) and 
fore, were used with two accelerators. 

zinc oxide 

5 parts), there- 


1 . Cis 1,4-polyisoprene NATSYN® 2200 from The Goodyear Tire & Rubber Company 

2. N299 carbon black. 

3. Silica obtained as HiSil 210 from PPG. 
4. 3,3'-dfthiodipropionic acid. 


5. A 50/50 composition of bis-3-(triethoxysilylpropyl) tetrasulfide carbon black obtainable as X50S from Degussa AG. 

45 

[01 1 0] The rubber compositions of Table 2 were cured at a temperature of 1 50°C for 36 minutes. 
[011 1 ] Cure behavior and cured physical properties for the rubber compositions are shown in Table 3. 

50 


55 


10 
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10 


15 


20 


25 


30 



35 


SSsilSKSSSS^ 

40 EXAMPLE 111 

[0 114] RubbercomposKonswere^ 

pared in a manner similar to Example ... Sample ^^™ aMii J oi t P ne ditni0 dipropionic acid. 


contains the pre 


;«tTsi.^Sie - and Samp.e J contains an in-situ addition , 
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Table 4 


is 


All Silica Filled Compounds 

Compound # 

Control H 

Pre-mixfH 

In Riti if h 

Non-Prod u dive 




Polyisoprene 1 

100 

100 

100 

Treated Silica 2 

0 

52 

0 

Silica 3 

50 

0 

50 

Oil 4 

5 

5 

5 

Zinc Oxide 

5 

5 

5 

Stearic Add 

2 

2 

2 

Coupler 5 

10 

10 

10 

DTDP 6 

0 

0 

2 

Productive 




Accelerators 7 

2.5 

2.5 

2.5 

I Sulfur 

1.5 

1.5 

1.5 


25 


30 


35 


40 


— rttT .-*-FuiyK>i+wene ruooer ootamed as NAT- 

SYN® 2200 from The Goodyear Tire & Rubber Company 

2. Pre-treated Filler X silica of Example I. 

3. HiSH-210 from PPG Industries, Inc. 

4. Naphthenic/paraffinic rubber processing oil. 

5. X50S as in Example II, Table 2. 

6. 3,3'-dithiodipropionic acid. 

7. Of the sulfonamide type. 

^^n^re 6 ;. 00 " 1 ^ 0 " 3 ° f TaWe 4 WSre CUr6d for 36 -^—^O'C. Cure behavior and cured propels 
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Table 5 


5 


15 


oampie w 

n 

PrA-mivfn 

In-Qitilf h 
II I OI IU \%3j 

nneomeier 




Max Torque 

A Q 

oo.y 

OD.O 

Min Torque 

o.y 


7 A 

aeiia lorque 

•♦I.I 

AQ 7 

AQ 1 

1 

T 

»90 

I f.O 

OA A 

9Q Q 


1 

O.O 


Physicals 




iUU% MOO, Mra 

O.l 

A Q 

d n 

oUUvo MOO, Mra 


1 O.l 

lO.U 

Tensile, MPa 


£ I 

^ 1 . o 

Plonnatinn 

CIKJt l^dllUI 1 to 

491 

419 

443 

Hardness 




23° 

69.5 

76.6 

75.7 

100°C 

67.6 

72.9 

71.7 

E', MPa 

1.60 

2.56 

2.75 

Tan D 60°C 

0.051 

0.035 

0.034 

Rebound, % 




23° 

56.9 

58.9 

57.1 

100°C 

71.3 

66.9 

65.2 


[01 16] Inspection of the physical properties shown in Table 5 clearly indicates that the experimental samples I and J 
35 which contain dithiodi propionic acid exhibit higher stiffening properties such as 100 percent modulus, hardness and E' 
than the Control H sample. 

EXAMPLE IV 

40 [01 1 7] Rubber compositions were prepared in which 3,3'-dithiodipropionic acid and benzoic acid are blended in-situ 
with a carbon black reinforced rubber composition. 

[0118] For the experimental (K) rubber composition dithiodipropionic acid was added in-situ in the non-productive mix 
stage. 

[0119] For the experimental (L) rubber composition benzoic acid was added in the productive mix stage. 
45 [0120] The rubber compositions were prepared and mixed by conventional rubber mixing processes and comprised 
of the materials shown in Table 6. 

[01 21 ] The rubber compositions were mixed by first blending the rubber and ingredients, except for the sulfur curatives 
and accelerators in an nonproductive mixing stage in an internal rubber mixer to a temperature of 160°C for 4 minutes. 
[0122] Sulfur and accelerators were then added in a final productive mix stage in an internal rubber mixer to a tem- 
so perature of 1 05°C for 2 minutes. 
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15 


20 


25 


30 


35 


Table 6 


Sample # ' 

K 

L 

1 3t Non-Productive 



Natural Rubber 

80 

80 

Cis 1,4-Polybutadiene 1 

20 

20 

Carbon Black ' 

60 

60 

Processing Oil ~~ " 

4 

4 

Antidegradants 2 

1.8 

1.8 

Zinc Oxide 

6 

6 

Fatty Acid 

1 

1 

Dithiodipropionic Add 

1.5 

0 

2 nd Non-Productive ~ 



Silica 3 

5 

5 

Bis-(3-tnethoxysilylpropyl tetrasulf ide (50% active) 

1 

1 

Productive ~ 



Benzoic Acid 

0 

1.5 

Sulfur " 

3.2 

3.2 

Accelerators 4 

2.5 

2.5 

Zinc Oxide 

2 

2 


rre a Rubber 5ompan* ' ™ 

2. Amine types; 

3. Hi-Sil210 from PPG Industries, Inc; 

4. Sulfenamide type. 

mS 5! ' h bbGr ' omposrtions were cur «d for 36 minutes to a temperature of 150*C 
[0124] The physical properties are shown in Table 7. 


40 
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Table 7 


bampie w 

K 

i 

Rneometer (loo u) 



Max. Torque, dNm 

56.0 

re o 

Min. Torque 

6.0 


Delta Torque 

50.0 

ou.o 

i go rninuies 

19 Q 


Stress-Strain 



Tensile Strength, MPa 

16.2 

15.2 

Elongation @ Break, % 

249 

228 

100% Modulus, MPa 

5.9 

6.3 

Rebound 



100°C 

64.8 

62.0 

Hardness 



Shore A, 100°C 

72 

73 


25 

[0125] The cured physical properties show that the addition of dithiodipropionic acid or benzoic acid to the rubber 
composition resulted in a rubber composition having a relatively high hardness value of 72. 

EXAMPLE V 

30 

[0126] Rubber compositions were prepared in which salicylic acid was blended with a carbon black reinforced natural 
rubber composition. 

[0127] The formulation (M) was a control without salicylic acid being added. 

[0128] For the experimental (N) rubber composition salicylic acid was added in the non-productive mix stage. 
35 [0129] The rubber compositions were prepared and mixed by conventional rubber mixing processes and comprised 
of the materials shown in Table 8. 

[01 30] The rubber compositions were mixed by first blending the rubber and ingredients, except for the sulfur curatives 
and accelerators in an nonproductive mixing stage in an internal rubber mixer to a temperature of 1 60°C for 4 minutes. 
[0131] Sulfur and accelerators were then added in a final productive mix stage in an internal rubber mixer to a tem- 
40 perature of 105°C for 2 minutes. 
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Table 8 


Sample # 

M (Ctrl) 

N 

Non-Productive 



Natural Rubber 1 

100 

100 

Carbon Black, N299 

50 

50 

Processing Oil 

5 

5 

Antidegradants 2 

2 

2 

Zinc Oxide 

5 

5 

Fatty Acid 

2 

2 

Salicylic Acid 

0 

2 

Productive 



Sulfur 

1.4 

1.4 

Accelerators 3 

1 

1 


1 . Cis 1 ,4-polyisoprene; 

2. Amine types; 

3. SuHenamide type. 


25 

[0132] The rubber compositions were cured for 36 minutes to a temperature of 150°C. 
[01 33] The physical properties are shown in Table 9. 


so Table 9 


Sample # 

M (Ctrl) 

N 

Rheometer (150°C) 



Max. Torque, dNm 

37.7 

40.2 

Min. Torque. dNm 

6.2 

6.2 

Delta Torque 

31.5 

34.0 

T 90 minutes 

18.8 

24.5 

Stress-Strain 



Tensile Strength, MPa 

21.3 

23.1 

Elongation (§> Break, % 

539 

468 

100% Modulus, MPa 

1.58 

2.89 

Rebound 



100°C 

61.1 

59.5 

Hardness 



Shore A, 100°C 

48.0 

65.2 


[0134] The cured physical properties show that the addition of salicylic acid to the rubber composition resulted in a 
rubber composition having relatively high modulus and hardness values. 
55 [01351 In the practice of this invention, it is considered important that the rubber compositions for one or more of the 
inserts are relatively very stiff, moderately hard, and have a low hysteresis 

[0136] It is important to appreciate that the indicated physical properties of the rubber compositions in Table 5 and 7 
are for samples thereof and that the dimensions, including thickness, of the resulting tire components (inserts and plies) 
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need be taken into account as factors contributing to the overall stiffness and dimensional stability of the tire sidewall 
and carcass. 

[0137] The hysteresis or Tan Delta values for the rubber composition for the aforesaid fillers is desirably somewhat 
lower than that for the rubber composition for the aforesaid ply coat(s) because of the bulk of the inserts versus the thin 
dimensions of the plycoat 

[0138] In the practice of this invention, it is considered important that the rubber compositions for one or more of the 
inserts 12 are relatively very stiff, moderately hard, and have a low hysteresis. 

[0139] Chafing of the tire in the lower bead region radially outward of the carcass structure adjacent the rim flange 
may be minimized, especially during use of the tire in the uninf lated condition, by providing hard rubber chafer portion 7. 
[0140] In one embodiment of the invention, a fabric overlay having cords at zero degrees in relation to the centerplane 
of the tire is placed over the belt reinforcing structure 9. 

Claims 

1. A tire (1) comprised of a toroidally-shaped carcass and an outer, circumferential tread (2) designed to be ground 
contacting, wherein said carcass is comprised of two spaced apart inextensible bead portions (3), two spaced 
apart sidewalls (4) each individually extending radially inward from and connecting said tread to said bead portions, 
and at least one cord reinforced ply (10) extending from bead to bead and through the sidewalls; an improvement 
characterized in that a substantially crescent shaped rubber insert (12) is juxtapositioned to and axially inward of 
at least one of said carcass plies (10) in each of said sidewalls (4) of the tire (1); wherein the rubber composition of 
said insert (12) has a Shore A hardness at 100°C in a range of 65 to 85, a 100 percent Modulus in a range of 3.5 
to 10, a Hot Rebound at 100°C in a range of 60 to 80, an E' value in a range of 2 to 20 MPa at 60°C and a Tan.Delta 
value at 60°C in a range of 0.03 to 0.15; and wherein said rubber composition of said insert (12) is comprised of. 
based on 100 parts by weight rubber, (A) at least one diene-based elastomer. (B) 30 to 100 phr of particulate rein- 
forcement as carbon black and, optionally, silica, and (C) 0.5 to 10 phr of a material selected from at least one of 
dithiodipropionic acid, benzoic acid and salicylic acid. 

2. The tire (1) of claim 1 characterized in that said carbon black and/or silica filler is pre-treated with at least one of 
said acids to form a composite thereof and said composite is first blended with ingredients for said rubber compo- 
sition in the absence of free sulfur and of vulcanization accelerators and free sulfur and vulcanization accelerators 
subsequently mixed with the rubber composition; wherein said acid(s) is adsorbed, absorbed, coated or melt- 
sprayed onto the surface of said filler. 

3. The tire (1) of claim 1 characterized in that said acid is blended in-situ with ingredients for said rubber composition 
in the absence of free sulfur and vulcanization accelerators and free sulfur and vulcanization accelerators subse- 
quently mixed with the rubber composition. 

4. The tire (1 ) of any of the preceding claims characterized in that said acid is 3,3'<lithiodipropionic acid. 

5. The tire (1) of any of the preceding claims characterized in that said insert (12) is substantially in an entrunkated 
crescent shape, where the entrunkated portion thereof is juxtapositioned to the said tire bead portion. 

6. The tire (1) of any of the preceding claims characterized in that said tire carcass has from two to three plies (10) 
comprised of a first axially inner ply and one or two additional plies as a second ply and third ply. respectively, each 
additional ply positioned sequentially axially outward from said first ply. 

7. The tire (1) of any of claims 1-5 characterized in that said tire carcass contains an axially inner first ply and an axi- 
ally outer second ply; wherein said insert (12) is juxtapositioned to and axially inward of said first ply, in the sidewall 
region (4) of the tire. 

8. The tire (1) of any of claims 1-5 characterized in that said carcass contains an axially inner first ply and an axially 
outer second ply; wherein said insert (1 2) is juxtapositioned to and interposed between said first and second ply, in 
the sidewall region (4) of the tire. 

9. The tire (1) of claim 8 characterized in that another of said inserts (12) is juxtapositioned to and axially inward of 
said first ply, in the sidewall region (4) of the tire. 

10. The tire (1) of any of claims 7, 8 and 9 characterized in that said second ply (10) extends substantially from bead 
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to bead through the sidewalls without connecting with the bead portion (3). 

11. The tire (1) of claim 1 characterized in that the carcass contains an axially inner first ply, a second ply axially out- 
ward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxtapositioned 
to and interposed between said second and third plies, in the sidewall region (4) of the tire. 

The tire (1) of claim 11 characterized in that an additional insert (12) is juxtapositioned to and axially inward of said 
first ply (10) in the sidewall region (4) of the tire. 


12. 


13. 


The tire (1) of any of the preceding claims characterized in that said innermost insert has a Shore A hardness in a 
range of 65 to 75. a 1 00 percent modulus in a range of 3.5 to 8 MPa, and E' in a range of 2 to 1 5 MPa at 60°C and 
a Tan.Delta at 60«C in a range of 0.03 to 0.1 and said outward insert(s) has Shore A hardness in a range of 70 to 
85, a 100 percent modulus in a range of 5 to 1 0 MPa, and E* in a range of 5 to 20 MPa at 60°C and a Ta n Delta at 
60°C in a range of 0.05 to 0.15. 

14. The tire (1) of any of the preceding daims characterized in that the cords of said innermost ply are of steel carbon 
fiber or fiberglass and the cords of said outer ply(ies) are of nylon or rayon. 

15. The tire (1) of claim 14 characterized in that the cords of said innermost ply are brass and/or zinc coated steel and 
the cords of said outer ply(ies) are of nylon or rayon. 

16. The tire (1) of claim 1, characterized in that said material (C) is 3,3'-dithiodipropionic acid; wherein said carcass 
contains at least two plies with an insert juxtapositioned to and interposed between each of the plies and an addi- 
tional insert juxtapositioned to and axially inward of the innermost ply; wherein the cords for the innermost ply are 
of brass and/or zinc plated steel and the cords for the outermost ply (plies) are of nylon or rayon; and wherein said 
insert(s) have a maximum thickness about midway between the bead portions (3) and tread (2) in the sidewall 
region (4) of the tire. 
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